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Motor units (MUs) reflect the function of the caaltnervous motor system. Thus, the estimated MUbmuris a
good option to investigate the functional movendisorder in the Parkinson’s disease (PD). The memd this
study was to compare the estimated MUs numberemtadial gastrocnemius (MG) muscle of the normil ra
and those with the parkinsonism. The MG musclewaf ige-matched group (normal and parkinsonism) of
anesthetized male, adult (154-304 days old) Wisits were studied after the insertion of electrogngiphy
(EMG) needles. The insertion activity and the Mdruigment (MUR), the strengths of mechanical invdary
contractions and the evoked spike potentials, wecerded. The means initial and the maximal anydisuof
the motor unit potentials (MUPs) were calculatedtf@e estimated MUs number. The spinal cord at th¢.6
was removed for pathological study. The parkingoni8IUPs trace showed irregular and low threshold
discharge rate. The normal spikes trace, howevas, different. Increased age was not associated awith
increase in the MU number in the two groups. Howgveere was a significant correlation between the
mentioned parameters and the insertion activity-(r25, r= -0.177) and the MUR (r= 0.86, r= 0.248)he
normal and the parkinsonism groups, respectiveherd was a correlation between the ages and mead MU
amplitude in the normal and the parkinsonism imseractivity (r =0.766, r =0.659) and the MUR (r.89, r =
0.4), respectively. Similarly, there was a corielabetween the ages and maximal amplitudes iménmal and
parkinsonism groups (r =0.53, r =0.42; r =0.860r248), respectively(p<0.001). In the parkinsonism group,
there was no significant correlation between thesMiumber and the mean MUPs amplitudes in the insert
activity (r= 0.074,p= 0.088) and the MUR (r= 0.22§=0.762). The spinal cord in the parkinsonism group
showed degenerated nerve fibers and apoptosisidegenerative nerve fibers and in the medium argk|
motor neurons with Lewy bodies and neurofibrilldangles. The small ones, however, remained inftot.
parkinsonism MUPs, compared to normal ones, hawerdhreshold and recruit less MUs. The apoptotic
medium and large motor neurons with Lewy bodiestrifoute to the disuse of the relative MUs, whileadim
ones remain intact.
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I\/I otor unit (MU) is the functional unit of the

motor neuron and muscle fibers which innervates

skeletal muscle that comprises a single

them(1, 2). The function of recruited MUs number
can make a typical force in the activation of stale

but this the
combination of recruited MUs number (3-5). In

muscles, activity depends on
addition, the activity of the upper levels of the
central nervous motor system can change in the
properties of the MUs even if the spinal cord is
intact (6, 7). Spinal cord contains several motor
neuron pools that relay the messages from the upper
brain to the MUs (8, 9). The specific central motor
processes the (10, 11). The
manifestation of certain defective central nervous

affect pools
organs such as substantia nigra in Parkinson's
disease (PD) which can interfere to MU activity and
the electromyographic (EMG) technique will be able
to record MU disorder (12, 13). PD is a progressive
neurodegenerative disease, characterized by the
presence of lewy body, neurofibrillary tangle,
and senile plaques (14-16). PD had long been known
but

on was discovered to have an effect on the

as a sole motor system disorder, later
sensation, perception, and emotional functioning
(17-19).

Poppele (2001) suggested that apart from the
motor system, the sensorimotor such as muscle
spindle are also involved in PD (20). Bradykingsia
these patients is accompanied with resting tremor
and muscle rigidity that the latter is secondaryhis
modulation of agonist and antagonist muscular tone
(21-24). The aim of this study was to estimate
normal and parkinsonism MUs number in the medial

gastrocnemius (MG) muscle in Wistar rats.

Materials and M ethods

This experimental study was carried out on to
compute MUs number in MG muscle in normal
(n=9) and parkinsonism (n=9), adult (154-304 days
old) male Wistar rats of the same age groups. The
parkinsonism rats were treated with MPTP (Sigma,

Barghi and Gladden

USA) 10 mg/kg, I.P (25, 26). Bradykinesia, tall
rigidity, and resting tremor were the predomi-nant
sings of PD used to enroll the rats in this sttithe

rats were anesthetized, using supplemental doses
(10 mg/kg, 1.P.) of pentobarbital sodium (Sigma,
USA) 30 mg/kg, I.P, if necessary. The rats were
checked for absence of pinch reflex. Their body
temperature was maintained at 37°C by machine
control (Harvard Apparatus Limited, USA). At the
end of the experiment, the rats were killed through
overdosing the anesthetic drug. The left leg’s MG
muscle was dissected and prepared for direct
insertion of the monopolar needle (steel, 0.1-mm-
diameter of tip that covered 20-muscle fibers
/Imn?) of the EMG electrodes into the muscle
(13, 27).

The EMG signals were recorded after the
application of mild to moderate and severe motions
of the recording electrodes (equal to 0.05, 0.1mv),
considered as insertion activity at rest. Thereafte
two different mechanical involuntary contractions
(equal to 0.5, 5mv) were studied on the same
muscle. The first two produced voltage, before
achieving the threshold as evoked muscle action
potential, and the next two voltage evoked maximal
amplitude of motor unit potential (MUP) due to
motor unit recruitment (MUR).

There were 2-3s intervals between the two
tests. The spike potentials werecorded using
Power Lab set (ML 866, 4 channels, AD Instru-
ments Co. Australia), which had sweep velocity of
10ms/div, sensitivity of 100 pv/div, and high
filtration rate of 1 KHz. The spikes amplitudes
(peak-to-peak) were measured, then the means
initial (n=10 spikes of each age group) and maximal
amplitudes of the MUPs were calculated. Finally
the number of units was estimated by dividing these
two parameters to each other (28, 29). Thereafter a
L4-L6 laminectomy was performed; the spinal cord
was removed, immersed in 10% formaldehyde
solution, and transverse section was stained with
congo red for pathological study.
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Statistical analysis

Studentt-test was used to compare amplitude spike
potentials in both groups; the p-value <0.05 was
considered statistically significant and Pearson
correlations wase used to asses the relationship
between age and MUPs parameters.

In the last visit, the parkinsonism rats showed
typical bradykinesia. If they were impelléal move,
they resisted and were agitated at the beginnimay, t
showed clumsiness while moving. Distinctive
rigidity in the tail's muscles and resting tremoene
clearly visible. Their hair changed from soft to

spiky.

Comparison of the normal and the parkinsonism
M UPstraces

The two samples of the EMG spike
potentials traces from the same age group, the
normal and parkinsonism groups are shown in fig.1.
The normal tracé\ shows two clusters of bursting
high amplitude spike potentials produced by the
MUR; short spikes due to insertion activity were
evoked in the middle part. The normal MUPs
appeared relatively constant with regular discharge
rate. TraceB depicts an irregular discharge spike
MUPs in parkinsonism with low threshold and very
small amplitudes. The starting spike potentialsewer
evoked by insertion activity and the sporadic spike
with high amplitudes were due to the MUR.
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Fig 1. TraceA shows normal electromyogram (EMG), in the beginnimmptor unit potentials recorded during mild to recte an
maximal involuntary contractions of medial gasteius muscle, in the middle, discharged spike pigtisrby electrode motions, and

at the end, again evoked maximal spikes. TEadepicts Parkinsonism EMG, initial evoked spikeemtials recorded by electrode moti
and recording sporadic with a few high spikes are tv muscle contractions.
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Correlation between age and the MU number in Whereas, for the foregoing ages of both groups the
maximal difference of 81.33% and the minimal
Any increase in age is not exactly associated difference of 63.49% were found by the MUR test
with increased MU numbers in both groups. The (Table 2, Fig.2). There were significam<(Q.001)

maximal difference of MUs number between the

normal and parkinsonism

inverse and weak correlation between the ages and
normal and the parkinsonism groups with 181 and the MUs number in the normal (r = -0.25) and

304-day-olds was 82.93% and the minimal diff- parkinsonism (r= -0.177) groups by insertion

erence was 62.85%. These differences were more in activity. There was significant strong correlation

the normal group than the parkinsonism group by normal (r =0.86) rats and a weak one in the

the insertion activity testing (Table 1, Fig. 2). parkinsonism (r =0.248) group through the MUR.

Tablel. Results of motor unit potentials and MUN* of mddjastrocnemiusnuscle by the insertion activit

Age Normal Amplitude Parkinsonism Amplitude Normal Range of Parkinsonism Range of

(day) (uv) mean = SD (uv) mean + SD MUN* MUN*
154 18.59 + 2.22 3.16 +1.36 15-16 3-4
164 23.35 +3.82 5.28 +1.85 17-18 3-4
181 22.61+3.29 4.06+1.21 20-21 5-6
213 2240+ 131 4.79+1.42 17-18 4-5
231 24.45 + 3.08 4.36 +1.47 18-19 4-5
244 22.02+2.50 5.06 +1.44 16-17 3-4
262 23.94 +3.72 5.19+ 0.98 18-19 4-5
284 25.73+£3.72 5,57 +1.73 17-18 4-5
304 26.28 +2.12 7.50£ 2.5 17-18 6-7

*MUN=motor unit number
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Fig 2. Comparison of different percentages of maximal amtimal of motor units number between the normral ¢he Parkinsonism,

the same age groups. N= normal, P = Parkinsonismminimal values, ** = maximal values.
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Table 2 Results of motor unit potentials and MUN* of medjalstrocnemius muscle by the MUR**.

Age Normal Amplitude Parkinsonism Mplitude Normal Range of Parkinsonism
(day) (wv) mean = SD (wv) mean = SD MUN* Range of MUN*
154 151.99+6.61 17.91 £ 2.22 72-73 20-21
164 153.43+6.20 18.70 £ 2.31 75-76 19-20
181 131.41+4.86 17.23+ 2.28 88-89 16-17
213 141.6 141.6 + 4.65 17.5+1.96 83-84 17-18
231 184.49 +7.81 17.96 £4.73 90-91 17-18
244 189.40+5.79 21.33+3.73 90-91 17-18
262 2121+ 6.77 17.81+ 2.14 92-93 17-18
284 216.42+6.17 17.23 + 3.08 92-93 21-22
304 215.59+5.19 21.47 £3.70 94-95 34-35
*MUN=motor unit number, **=motor unit recruitment
Correlation between the age and the amplitude of and the normal ones (r=0.766) by insertion

MUP

Any increase in age is associated with

an increase
MUPs in both groups by the MUR, except for 2-

and 3-cases of parkinsonism

in the means amplitude of the

cases of normal
which were different. The raised gradient maniféste
lesser nonconformity by the insertion activity
compared to the MUR (Tablesl and 2). Despite
the asynchrony, there was a significant correlation

activity. The correlation was stronger in the narma
group (r=0.89) compared to the parkinsonism
(r=0.4) by the MUR. In addition, the correlation
between increased ages and the maximal amplitude
of the MUPs in the normal and the parkinsonism
groups were unequal. However, the correlations
between age and the maximal amplitude in the
normal and the parkinsonism were significant
following the insertion activity testing (Fig. 3A;

between the age and the mean amplitude r=0.53, r= 0.42) and the MUR (Fig. 3B;
of the MUPs in the parkinsonism (r=0.659) r=0.946, r=0.72)f.
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Fig 3. The comparisonf the potentials of maximal amplitude motor

uretbeen the normal and-- Parkinsonism during théicgijmn of

insertion activity(A) and motor unit recruitmerfB) in the same age groups. * and ** Relative amgétdifferences Motor Unit Numb

in Normal and Parkinsonism.
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Correlation of the MUs number and the
amplitude of M UPs between the groups

The correlation between the MUs number
and means amplitude of the MUPs in the normal
group (r= 0.428) by insertion activity and (r=0.$82
by the MUR were significantpk0.001). Such a
correlation, however, was not reported in the
parkinsonism group (r= 0.079-=0.088) by insertion
activity and (r=0.226p=0.762) by the MUR. The
MUPs data are shown in tables 1 and 2.
Furthermore, the correlation between the MUs
number and maximal amplitude of the MUPs in the
normal (r= 0.63) and the parkinsonism (r=0.39)
groups by insertion activity and by the MUR were
significant (r=0.83; r=0.35)p<0.001).
Findings of pathological parkinsonism spinal
cord

The transverse section of parkinsonism spinal
cord showed atypical apoptotic medium and large
motor neurons under light microscopy. Lewy bodies
and neurofibrillary tangles were also seen in the

necrotic neurons. In addition, chromatolysis inhbot

types of motor neurons and widespread degeneration

neurofibers was observed. The small motor neurons
were intact (Fig.4).

Discussion

The present study shows that the normal and

parkinsonism MUs of MG muscle have different
perception and recruitment which depend on
variable power stimuli reception and the next
different discharge rate of spike potentials wid b
evoked. Petit (1990) reported that the MG muscle is
a mixed muscle with three different types of fibers
innervated with three different types of motor
neurons located in spinal cord. They also showed
that slow MUs are weaker than the two others (30).
Luff (1992) reported a significant decrease in fast
MUs and a small increase in slow MUs along with
aging in normal MUPs in the MG muscle of the rats
(31). The present study showed that any increase in
age is not associated with an increase in the MUs
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number of normal and parkinsonism (r = -0.25, r = -
0.177),
Despite the discordance between increasing age and

respectively by the insertion activity.
MUs number, there was a significant correlation in
normal group (r=0.86) but a weak correlation in
parkinsonism group (r=0.248) by the MUR.
The
parkinsonism compared to the normal might be due

less recruitment of MUs number in the

to long delay and irregular long time stopping
discharge of spike potentials. The comparisons of
different percentages of MUs number between the

Fig 4. Parkinsonism model rat stained with CR. (A) A tyd
transverse section of Parkinsonism spinal cord. (B

histology of Parkinsonism spinal cord, showing MNe
fibrillary Tangle, chromatolysis of motor neuronggenerativ|
neurofibers, and Lewy bodies . (C) A typical Lewgdy in
necrosis motor neuron.
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insertion activity and the MUR trials on a pair of
181 and 304 days old from the normal and the
parkinsonism groups, showed that these differences
for a pair of 181 days old in the two types oflgia
were more than a pair of 304 days olds. According
to these percentages, the severe affliction wathéor
young parkinsonism rather than the old. Meanwhile,
in parkinsonism defective MUs activity without
involuntary contraction showed 2.24% more damage
than with involuntary contraction. Consequently,
these findings could help interpreting the problem
the resting tremor in parkinsonism. The pathologic
study of parkinsonism spinal cord shows apoptosis
in the medium and large motor neurons with Lewy
bodies. Certainly, the relevant MUs including fast-
fatigue resistance and fast-fatigue have collapsed
became atrophied. Small motor neurons with relative
oxidative MUs were intact; while Oishi (1992)
found that slow MUs are more susceptible to
atrophy(32).

However, the medium and large motor
neurons can not accurately perform sensible rece-
iving messages tasks from the upper brain for
relaying to the respective MUs. Some neurologists
believed that impaired PD movement is caused
secondary to the inadequate activation of exciyator
circuits passing through from basal ganglia to apin
motor neurons and making insufficient facilitatitmn
MUs (33). The current study ascertained that the
slow motor neurons and relative MUs were intact
but their functionality is not sufficient to disptie
weak contraction of parkinsonism MG muscle
because low MUs number and low mean amplitude
of the MUPs by the insertion activity (r =0.074,
P=0.088) and the MUR (r =0.022650.762). These
events showed the disability of large and medium
motor neurons. Therefore, the MG muscle has lost
harmonic functions which should therefore induce
disorder movement in parkinsonism.

In conclusion, this study determined that the
parkinsonism MUPs, compared to the normal ones,
are unable to maintain high and constant discharge

78 IntJ Mol Cell Med Spring 2013; Vol 2 No 2

rates for extended periods of time, as MUPs have
less recruited numbers, lower threshold, low mean
values and shorter maximal amplitudes. Afflicted
MUs to PD in younger was more than older MUs.
More attention should be paid to the apoptotic
medium and large motor neurons with Lewy
bodies, but not for all three types of MUs and the
default of MUs did not associate with the function
of MG muscle. According to these findings, special
factors for changing the spoil of MUs to healthy
ones should be considered.

Acknowledgment
The authors thank
Biology Research Center

the Cellular and Molecular

of Babol university

of Medical Sciences.

1. Kadhiresan VA, Hassett CA, Faulkner JA. Propsrtf single
motor units in medial gastrocnemius muscles of tadotl old
rats. J Physiol 1996;493 ( Pt 2):543-52.

2. Larsson L. Motor Units - Remodeling in Aged Amiln J
Gerontol a-Biol 1995;50:91-5.

3. Clamann HP. Motor unit recruitment and the gtiadaof
muscle force. Phys Ther 1993;73:830-43.

4. Kanda K, Hashizume K. Factors causing differeincéorce
output among motor units in the rat medial gasteotins
muscle. J Physiol 1992;448:677-95.

5. Doherty TJ, Vandervoort AA, Taylor AW, et al.fé&dts of
Motor Unit Losses on Strength in Older Men and Womé
Appl Physiol 1993;74:868-74.

6. Sugiura M, Kanda K. Progress of age-related gésinn
properties of motor units in the gastrocnemius neust rats. J
Neurophysiol 2004;92:1357-65.

7. Thomas CK, Bigland-Ritchie B, Westling G, et &
comparison of human thenar motor-unit propertiesliet by
intraneural motor-axon stimulation and  spike-trigige
averaging. J Neurophysiol 1990;64:1347-51.

8. Heckman CJ, Binder MD. Computer simulation & steady-
state input-output function of the cat medial gastemius
motoneuron pool. J Neurophysiol 1991;65:952-67.

9. Fuglevand AJ, Winter DA, Patla AE. Models of Retment

and Rate Coding Organization in Matimit Pools. J



Neurophysiol 1993;70:2470-88.

10. Weiller C, Juptner M, Fellows S, et al. Bragpresentation of
active and passive movements. Neuroimage 1996;4:005

11. Clarac F, Cattaert D, Le Ray D. Central contahponents
of a 'simple’ stretch reflex. Trends Neurosci 2080£99-208.

12. Stalberg E. Methods for the quantitation of vesrtional
needle EMG. Handbook of Clinical Neurophysiolotyppsala:
Elsevier Inc; 2003:213-44.

13. Felice KJ. Acute anterior interosseous neulgpat a patient
with hereditary neuropathy with liability to pressupalsies: a
clinical and electromyographic study. Muscle Nerve
1995;18:1329-31.

14. Maschke M, Gomez CM, Tuite PJ, et al. Dysfuorcinf the
basal ganglia, but not the cerebellum, impairsédstizesia. Brain
2003;126:2312-22.

15. Braak H, Del Tredici K, Rub U, et &taging of brain
pathology related to sporadic parkinson's disedseurobiol
Aging 2003;24:197-211.

16. SantaCruz K, Pahwa R, Lyons K, et al. Lewy hody
neurofibrillary tangle and senile plaque patholagyParkinson's
disease patients with and without dementia. Negsolo
1999;52:A476-A7.

17. Bartels AL, Balash Y, Gurevich T, et al. Redaship between
freezing of gait (FOG) and other features of Pastunis: FOG is
not correlated with bradykinesia. J Clin Neuro<i02;10:584-8.
18. Cunnington R, lansek R, Bradshaw JL, et al. &foent-
related potentials in Parkinson's disease. Presenod
predictability of temporal and spatial cues. BraBn5;118 ( Pt
4):935-50.

19. Connor NP, Abbs JH. Task-dependent variations i
parkinsonian motor impairments. Brain 1991;114 ( 1A):
321-32.

20. Bosco G, Poppele RE. Proprioception from acg@rebellar
perspective. Physiol Rev 2001;81:539-68.

21. Delwaide PJ, Pepin JL, Maertens de NoordhouSHort-
latency autogenic inhibition in patients with paonian rigidity.
Ann Neurol 1991;30:83-9.

22. Timmermann L, Gross J, Dirks M, et al. The beak

oscillatory network of parkinsonian resgtintremor. Brain

Barghi and Gladden

2003;126:199-212.

23. Tamas G, Palvolgyi L, Takats A, et al. Contexal
voluntary hand movement inhibits human parkinsorti@mor
and variably influences essential tremor. Neurod@tt
2004;357:187-90.

24. Sawamoto N, Honda M, Hanakawa T, et al. Cogmiti
slowing in Parkinson's disease: a behavioral -etialua
independent of motor slowing. J Neurosci 2002;2285203.

25. Qu D, Rashidian J, Mount MP, et al. Role of &dkediated
phosphorylation of Prx2 in MPTP toxicity and Pasddn's
disease. Neuron 2007;55:37-52.

26. Doudet DJ, Gross C, Arluison M, et al. Modifioas of
precentral cortex discharge and EMG activity in keys with
MPTP-induced lesions of DA nigral neurons. Exp Br&des
1990;80:177-88.

27. Oh SJ. Clinical electromyography,Nerve Condurcti
Studies. second edition ed. Baltimore: Lippincotilidms and
Wilkins; 1993:536-540.

28. Brown WF, Strong MJ, Snow R. Methods for estinta
numbers of motor units in biceps-brachialis museled losses
of motor units with aging. Muscle Nerve 1988;11:423

29. Yao W, Fuglevand RJ, Enoka RM. Motor-unit
synchronization increases EMG amplitude and deeseas
force steadiness of simulated contractions. J N¥wsiol
2000;83:441-52.

30. Petit J, Filippi GM, Emonet-Denand F, et al.aGyes in
muscle stiffness produced by motor units of difféttypes in
peroneus longus muscle of cat. J Neéwsipl 1990;63:
190-7.

31. Einsiedel LJ, Luff AR. Alterations in the comttile
properties of motor units within the ageing rat méd
gastrocnemius. J Neurol Sci 1992;112:170-7.

32. Oishi Y, Ishihara A, Katsuta S. Muscle fibre mher
following hindlimb immobilization. Acta Physiol Snod
1992;146:281-2.

33. Brown LL, Schneider JS, Lidsky TI. Sensory aognitive
functions of the basal ganglia. Curr Opin Neurohl®97;7:

157-63.

Int J Mol Cell Med Spring 2013; Vol 2 No 2 79



